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BACKGROUND
• Preterm birth remains a global health problem.
• Episodes of acute hypoxia, a stressor associated with
preterm birth due to early brain and lung development,
can introduce long-term programming effects on the
hypothalamus-pituitary-adrenal (HPA) axis that may
have negative consequences later in life.

RESULTS

CONCLUSIONS

Figure 1: Acute plasma corticosterone (ng/ml) response to periodic hypoxia ± pain

• Pain increased HOMA-IR (insulin resistance)
mirroring corticosterone.

• Preterm infants routinely experience maternal/caregiver
separation and procedural pain from necessary clinical
therapy, but the interaction between these stressors
with hypoxia is unknown.
• We have developed a model of human prematurity in
newborn rats that models the stressors associated in
the NICU from preterm birth (1,2).

HYPOTHESIS

• Normoxia with pain led to a large increase in plasma corticosterone in female pups at PD1
• Hypoxia with pain increased plasma corticosterone in both sexes at PD1 compared to hypoxia without pain
• Effect of hypoxia and pain decreases with age due to stress hyporesponsive period

Figure 2: HOMA-IR (insulin resistance) response to periodic hypoxia ± pain

An interaction of isolation, acute hypoxia, and
pain mimicking clinical procedures will
augment the acute neonatal stress response
that could lead to long-term effects.

• Livers were analyzed for glucocorticoid receptor
sensitive mRNAs (RT-qPCR).

FUTURE DIRECTIONS
• Assess programing effects of hypoxia ± pain on the
HPA axis using restraint stress at PD23 (equivalent
to human weaning) and PD100 (equivalent to
human adult).

• Use glucose tolerance test to assess metabolic
programming and insulin resistance in the adult rat
(PD100).
• Caffeine citrate is commonly administered to
preterm human infants in the NICU to improve
respiratory drive, diaphragmatic contractility, and
cardiac function (3). We will evaluate the effects
of caffeine in this model.

• No sex differences were observed in HOMA-IR, so sex data were combined
• HOMA-IR increased in PD1 pups after normoxia with pain

• Periodic hypoxia ± pain: Pups of both sexes were
individually isolated and exposed daily (postnatal
days 1 – 4) to six cycles of acute hypoxia (5 min of
10% O2 @ 30 min apart). Pain (or cotton swab
control) was administered by needle prick to the feet
after the 2nd, 4th, and 6th cycle of hypoxia.
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• After hypoxia or normoxia, blood was collected for
measurements of plasma corticosterone, glucose,
and insulin.

• The augmentation of corticosterone and HOMA-IR
decreased with age, suggesting early intervention is
key to attenuating the stress response in preterm
humans

• Assess programming effects of hyperoxia ± pain
on the HPA axis.

METHODS

• Normoxia ± pain: Pups were treated as above
without periodic hypoxia.

• Pain at PD1 led to a large sexually dimorphic
increase in plasma corticosterone compared to
without pain. Periodic hypoxia eliminated this
sexually dimorphic effect. Interestingly, only males
at PD1 had a 3-fold increase in liver Per1 mRNA
after hypoxia with pain.
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Figure 3: Periodic hypoxia with pain
augments Per1 mRNA expression in
male pups at PD1
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• Hypoxia with pain elicited a 5-fold increase in Per1
mRNA in the liver compared to hypoxia without
pain in males
• Other liver gene glucocorticoid receptor sensitive
mRNAs analyzed with little or no effects
• Per1: Period circadian regulator 1
• Giz: Glucocorticoid-induced leucine zipper
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